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ON-OFF AND THROTTLING 





CONTROL MODELS 


with the surprising pen travel of 35," on a new 9" chart 


PLUS ALL FEATURES OF THE LARGER TAG RECORDER-CONTROLLERS 
i 


Shown above is the re- 
designed, non-adjustable 
flapper mechanism in its 
simplest form ; the 
ideal pilot for a great 
majority of control ap- 
plications. 


By compacting in a small, beautifully styled case every feature found 
in the larger instruments, TAG completes a line of Recorder-Controllers 
with 9, 10 and 12 inch charts. Now it is possible to gain TAG'S unques- 
tioned control precision with either ON-OFF or THROTTLING models, 
more economically in these smaller instruments with 9 inch charts which 
provide a pen travel of 3-5/16 inches. 


About one-half the size of the standard instrument, these new TAG 
Recorder-Controllers offer the notable interchangeable tube system. 
This active element can be replaced readily and need be checked at 
one temperature only—no necessity of recalibrating all points in the 
range. 


Send for your free copy of Bulletin No. 1178-I which illustrates the 
new "9" TAG Line of Recorders and Controllers. You will be interested, 
too, in Catalog No. 1060-Il which describes the larger and handsomely 
styled 10 and !2 inch instruments . . . a request will bring it to you. 


Shown above is the ad 
justable, calibrated flap- 
per mechanism. Its 
design permits easy ad- 
justment of throttling 
range to coincide with 
great apparatus lag. 
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YOUR PROFITS SUFFER... 
TOO HIGH OR TOO LOW! 


customers. He saved money and 


ne Iped to stimulate sales. 


IN AN OIL REFINERY 

A western refinery decided to install 
modern, automatic temperature con- 
trol. Taylor Engineers put in a sys- 
tem with Taylor Dubl-Response 
Control. Result: This automatic con- 
trol increased the gasoline yield ap- 
proximately Yo on an average daily 
run of 4,000 barrels. 


IN A PAPER MILL 

A large paper mill ran a several weeks’ 
test comparing the efficiency of man- 
ual and automatic control of pulp 
grinders. A Taylor System of Auto- 
matic Grinder Temperature Control 
proved that it could help to increase 
production 8.9%, reduce conversion 
costs, and give more uniform quality 


pulp than before. 


IN A TEXTILE MILL 


A northern cotton mill wanted to in- 


stall a more complete system of tem- 


perature control. After a survey, 
Taylor Engineers said, “If vou spend 
$$,0000n control, vou willsave arout d 
$35,000 a vear.”” A Taylor System of 
Slasher Control was 

pul in. It saved be- 

tween $33,000 and 

$59,000 a year. - 

we 
7 


ANOTHER / 
een ~~ 


COTTON MILL o— 
spent 54,000 on Taylor po” 


Temperature Control in the Slasher 


and saved $11,000 in 48 weeks’ time. 
Savings resulted from 70 tons less 
coal, less raw material, and lower per 
pound cost of cloth through a 19% 


production Increase. 


IN YOUR OWN PLANT 


No matter what vou produce let 
Tavlor Engineers work with vou tor 
late a Tay lor Control System to vour 
needs. We have emphasized tem 
perature regulation in the fore 
VOI CHASES But do not overlook 
the fact that, if there is a question 
of temperature, pressure, liquid 
level, rate of flow, or humidity, 
Tavlor can advise vou on thi SVs 
tem to meet your requirement 
For engineering ad We al d help, 
see a Tay lor Re presentative or send 
the coupon direct to Taylor Instru 
ment Companies, Rochester, N.Y. 
Nant alsoin Toronto, Canada. Man 
ufacturers in Great Britain— Short & 


Mason, Ltd., London, England 


3B” THIS PARAGRAPH MAY HELP YOU SAVE MONEY 


If there is the slightest doubt in your mind about the efficiency or completeness 


of the temperature control in your plant now, turn that doubt into action. Fill 


out the coupon below, tear out this corner of the page, attach it to your company 


letterhead and mail it today. A request for information about Taylor Control 


costs you only a 3e stamp. It may result in great benefit to you. Phere are quick 


ways to profit through Taylor Temperature Control. | 
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Reliable 
REMOTE 


INDICATION 
CONTROL 





sak simple with 


BENDIX- CORY 
AUTOSYN 


SELF-SY NCHRONIZING 


MOTORS! 


Remote Control and Indication can provide convenience, 
safety, efficiency, labor economy—but on/y when accom- 
panied by reliability. Bendix-Cory AUTOSYN motors give 
your Remote Control and Indicating System the reliability 
and accuracy you must have. They are reasonable in price 
and possess many superior performance characteristics. 


Features of Bendix-Cory Autosyn 7 ype I (Illustrated ) 
Conventional Motor 
standard self-synchronizing motor elements 


mounting interchangeable with most 
g a 


2. Approximate accuracy: Three degrees 
(Other types, accurate to .6 degree, are also available) 
Maximum torque 14.8 inch ounces 


>» w 


Safe continuous operating torque 5.6 inch ounces 

5. Brushes carry no current during synchronism. 

6. Enclosed inertia dampener reduces oscillation to maximum 
of 3 seconds and is adjustable to suit 

7. Dimensions: 35g" x3-9/16" x43, 


8. Weight: 5 Ibs., 12 ox. 

9. Low current consumption and temperature rise character 
istics 

10. Voltage range for accurate and safe operation, minus 20°, 
to plus 10°/, normal rating. 


Complete information on request 


BENDIX MARINE 
PRODUCTS DIVISION 


OF BENDIX AVIATION CORPORATION 
Brooklyn, N. Y. 


754 Lexington Avenue 
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FRONT COVER: Dr. Way using his Surt 
Microsc ype on Bearing of 200” Telescop 


EDITORIAL COMMENT 


NEW INSTRUMENTS 
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Elastic Properties as a Mea 
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f NRATEFULLY appreciated are readers’ let- 


( ters and cards cheering for last month’s spe- 
cial issue on combustion control. We 
k also the impish punster rang the 
iges on the “more - power - to - Instruments” 


ne, but we hadn’t and haven't any idea of pop- 
g into fields so well tilled by esteemed contem- 


ules . 
is barely recon- 
tered and its 
ploration is a fasci- 
ng pursuit as 
they know who 

ce the ramifications 
any particular topic 
for example the 
bject of instrument 
arings which affords 
t only amazing va- 
ety but startling ex- 
Largest is 
horseshoe bearing 

1 Caltech’s 200” tele- 
ope: some idea of its 
; conveyed by 
the adjoining picture 
which shows it being 
machined at East 
Pittsburgh. The 


(il: ee 


e is 


vhite roofing is the 
“sun bonnet” which Westing- 


ouse engineers laid a few inches 
above it to prevent differential 
xpansions. ... It is within 
1.005” of a perfect cylinder, re- 
ports Dr. Stewart Way, West- 
nghouse research engineer 
whom this month’s front-cover 
shows measuring the smoothness 
f the bearing by means of his 
ingenious surface-finish micro- 
scope ...a microscope he would 
need also to see the details of 
the smallest instrument bear- 
ings such as jewel types 


. . because the province of Instrumenta- 
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made by several specialists, or those unbelievably 
tiny ball bearings being furnished by Landis & Gyr 
and by R. Y. Ferner to instrument and meter firms. 
One type of instrument bearing thus weighs about 


fiftv thousand million times as much as the 


other 


. We don’t know the exact ratio but we do know 
that there have been built scales capable of accu- 
rately weighing the former, while laboratory bal- 
ances can Weigh several milligrams to a precision 


f several micrograms. 


.. Apropos of extremes, 


many an Instruments reader has occasion to meas- 
ure megawatts in the morning and to measure 


microwatts in the afternoon. 


... Nevertheless, the 









hold that 
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strongest 
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fascination springs rather from their producing di 


rect and indirect 


in our January 
Instruments Do for 
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. a special issu 
American Industry 


results of enormous value 
total value probably incalculable but whic} | 
appraised by representatives of various industries 
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Instrumentatio 
yi No. 20 (published in J 
te submitted. On August 
of nem to. tne Inqul) 
$ him to rate then 
: hem. He hasn't rat 
} hasn’t returned then 
i reply. Best we 
the presel S 
able Mentions all co 
I Ande D 
H BR NS I 
uurgh; Gordon Clark, Cambrid J 
M. V. Davis, Atlar LW. 4 Tow N 
rrube Sa i M ca, C te. teod Laing, ‘ 
Lankes, Rochester, N. ¥ H. Olke Wa 
Harold Olson, Minneap “ee eae. Paes. 
Having gone through a flood here 
sympathize with New England, recent! 
a disastrous hurricane, as recorded 01 
graph chart pictured here, taken at 
maintained by The Bristol Co. in Water! 
oe a5 with deep sorrow that we reco) 
yf Colonel Frank W. Roller, president of 
Smith Co., veteran of the Spanish-A1 


World Wars, prominent engineer % 
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Pocket Stack - temp- 
{ erature Thermo- 


meter 
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‘ Wileox Manometer for 
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desig permitting LINE ot 
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er sleeve thus eliminat 
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In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 

When 


directly, please mention this depart- 


writing to manufacturers 


ment as your source of information. 
Or 
Instruments Publishing Company. 


write to Information Section, 








Chlorinated Hydrocar- 
bon Sampler 


termining oncentratior 
l ted hydrocarbon por it ii} 
ul degreasing plants, irhou her 
1 Industries, ete. Consists of: 1) Con 
bustion I vzer it hicl chlorinatec 
Thi¢ l decomp sed ind result mt wa 
lrogen chloride bsorbed ino alkaline 
utior embod calibrated flowmete 
nd riable resistor; operates on LL 
olts acc. or du dimensions 68, S 
27 high: velght 15 Ibs 2 \-« d-« 
motor-driven suction pump. Optional ac 
cessori re ipod for combustion n 
er and sample mailing case containit 
elyeht 1 mpered bottles i 


Draft Gage 


When resti 


] +» + ] 
illustrated, 


Horizontally as 
ne Heath du ranyve draft gave mnie 
ures pressure or draft from O to O55 
rf er, divisions representing 0.01 
When gage is held vertically, metal scale 
t ri en Oto Lt ot iter in l 





; 


unbre tix ible 


Body is of 
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I ins» ir 


principle is said to elimi 


usta reservorr error ind to permit car 
lor of capillaritv. error wher lon 


pressures re being read Another fe 


ture is that instrument is level) wher 


meniscus in inclined tube is ero 
the O-0.5) seale ind metal seales mia 
theretore a permanently fixed in. rela 


to the U-tubes 


( P.O. Re 


Detroit Air Mete 
Detroit Viel 


tion 


Adyustable Resistors 


Adjustable wire-wound power resistor: 
have coating of special Inorganic cement, 
mav be Opn rated it red heat without 
blistering, cracking or deteriorating, are 
ivailable in 10, 25, 40, 60, 80, 100, 16¢ 
ind 200 watt ratings and in any resist 
ince value from 1 to 100,000) ohms 

Oth St 


Clarostat Mfa. Ce Tine R5-7 N 
Brooklyn, N. Y, 
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CO, Indicator 


I< signed tor use 


, oil- or co I 
new Friez Carbon 
mall and port ible 
Features said to be 
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IS Power ratir 
150 watts with min 
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-LIMITROL 
| Temperature Limiting 
Pyrometer 


iutomatie limiting, heat Shut 
ff device designed to shut off 
furnace it iny pre-set tem 
iture Fully automatic ill 
etrical in operation no me- 
inical eontacts ol working 
| rts—simple in construction. Of 
| Ss a POSItive method of pre 
nting over-heating of either 
} ice or furnace load. Its low 
j riginal and maintenance cost 
ikes t in economical nstru 
ent to own 
| 
j Complete Data Sent on Reques 


| Wheelco Instruments Co. 


1933 So. Halsted St Chicazo, Hl. 








S$-M-0-0-T-H 
VOLTAGE CONTROL 
for A.C. circuits 


The Type "TH" Transtat is the new 
continuously variable auto-transformer 
regulator ... the ideal voltage con- 
trol for a.c. circuits. It offers high ef- 
ficiency, good regulation, great flexi- 
bility and dependable construction at 
moderate cost. Standard types are 
available for controlling voltage to 
single-phase and polyphase loads 
rated 10 Kva. and smaller, 50 or 60 
cycles, 115, 230 or 460 volts. May we 
send you bulletin 51-1 which contains 
complete data? 


RANSTA 


VOLTAGE REGULATORS 


AMERICAN TRANSFORMER CO. 
178 Emmet St. Newark, N. J. 

















SO, Recorder 


Klimination of cell corrosion by use 
glass cell Fig. 1 center ind of ealibra 
tion errors by use of H.SO,-removi 
coke-tower filter (Fig. 1 right Ire Sale 








tO make possible, for tirst time, satistic 
tory operation of an SO. recorder on a 


gas sample taken immediately after burner 


with negligible lag Ope rator no one 
having to wait 10 or 15 minutes to note 
changes in S¢ d» concentration, close burner 
control becomes attainable. Thermostated 
cell issembly prevents unbient tempera 


t-head 


ure error; cell design and constan 








Cle VICE prevent Sarpy be VELOCITN error: 
compensated eircults prevent oltage 
rlhition error: use of conductivity met 
od ot lates use Of Cherm Is nd therel 
rec des humidity and reagent-variabi 


itv errors. A-c bridge circuit requires 
batteries, rectifiers, et Null-method re 
corder is available in strip-chart (Fig. 2 
or round-chart form. For further detai 
of conductivity method, see item on n 
ers COs equiy . 
1937, page 123 Leeds & \ thru) 
Stenton Ave.. Philadelphia, Pa 


Photrix Adapter 


Providing the equiy ilent of camel! 
with built-in exposure meter, Photrix 
Ad ipter has been developed for purpose 

. f fastening PI 


trix Exposure Me: 


( see | u 
ments June 1938, 
page 164) to. sti 
or m-p. camer 
Adapter fit iny 
camera provider 
vith usua le 
finder hracket yr 











Citz 
PANPHOT 







the UNIVERSAL 
EQUIPMENT 

for MICROSCOPIC 
RESEARCH 


and here are just a few t 


nany features 


Equally convenient for visua | 


servation and photo-micrograpl 


Equipped with mirror retlex box 
facilitate alignment and focusis 


for photography 


Can be used also for micro-proje 
tion, drawing and photo-microgra 


phy in transmitted or reflected light 


The Leitz PANPHOT car 
be used for 
BRIGHT FIELD 


DARKFIELD 


mag? 10? , r Pla 
REFLECTED LIGHT F é 
ULTROPAK dluminat 
POLARIZED LIGHT 
Catalogues Nos. 24-V and | 
eladly furnished upon reque 


E. LEITZ, Inc. 


730 Fifth Avenue, New York . 


Washington Chicage Detr 

















































































Recorder Chart Drive 


Developed ecith for industrial 
( ecoradel Macnick Char 
{ ! ‘ feature enabling con 
‘ I l! I! I! cement Tin 
‘ ( mnie \ converter turre 
‘ ‘ el 2th or 





effected with 


drive, ccnversion being 
ind without removing drive 
tro instrument case Although move 
ment | S-day, there is but one mean 
pring and one winding stem. Protection 
gyainst dust ind fumes is so. effective 
! cdirive 1 operate “perfectly for 
mite a long time totally immersed ir 
iter” na, vith i “ye rpetual oiling 
tem,” obviates all need of periodic 
eaning nd oiling bisc ipement bemy 
elf-starting, usual starter button is done 
vith. ‘Temperature compensatior 
being complete, no temperature id just 


mier is needed. Drive being thinner than 


ther ind being upped ith idapters, 


inventories of spare can be minimized 


fmerican Recording Chart Ce 8 BRoud 


Automatic Batching 
Scales 


\ SCTLES ot madustria scales Is il 


nounced, embodyi irious combinatior 


of automatic elements. Illustration shov 


SCCOTULCTICE SCALES Wil 


hy photoelectric ine 











( nic nte CK Tor itomaty \ 
roportioni everal ingredients: thi 
device controls, nd is controlled” by, 
el e. Should s piv of nv wu 
rredic fai eration stops. No timing 
‘ t isc’¢ i! CTIOCK 1 K¢ Ws s 
© % tart operation 1 inv but pr eT 














BAILEY 
MULTI-POINTER 
GAGES 











Multi-Pointer Gages are made 
with any number of pointers and any scale 

mbination from one t twelve. The 
pointers have 10 motion ver plainly 


marked plastic molded scales so that read 





igs an be taken at a distance of 20 feet 


Diary hragm actuated elements enable this 





gage t withstand ver-draits and over 
pressures without injury to the unit or its 
alibration 
All secondary factors such as draft 
pressure, temperature, stoker speed and 
pulverizer feed can be indicated on one 


Bailey Multi-Pointer Gage 


BAILEY METER COMPANY 


1041 IVANHOE ROAD . CLEVELAND, O. 
Bailey Meter Company Ltd., Montreal, Canada 





ACCURATE CONTROL 


Distinguished for 
xtreme accuracy 
ind high quality, 
Cochrane flow 
Meters ire reli 
ible guides for 
compiling rec- 
ords of consump- 
tion, intake, out- 
put and variation 
in the rate of 
flow of steam, 
gases, water and 
other liquids. The 
Electric Model 
utilizes the gal 
vanometer null 
principle 





ELECTRICAL MODEI 

The sensitive galva 
nometer detects the 
slightest change in rate 
of fluid flow, unat 
fected by friction or 
variations in voltage 
or frequency. Can_ be 
installed any distance 
from pipe line The 
mechanical model de 


velops an extremely 





high torque, is accu 
rate in design, simple 

MECHANICAL MODEL aod ru; ed in con 
struction 


ORIFICE METERS AND TYPE I 
WEIR METERS 
have the same Cochrane accuracy and sim 


ri 1 y 
Plicity and are highly regarded by users fe 





their particular applications 
Write for Publication Nos. 2092, 2094, 2096 


COCHRANE CORPORATION 
3120 N. 17th St. Philadelphia, Pa. 
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Remote Manual Co: 
from Instrumen 


New integra 


vides for remote manual contr« 


manual contro 


leaving front of instrument. ‘J 
enables operator to shift from n 


instrument control, or vice versa, wi 
disturbine control valve di iphragm 
ible to 


manual unit output and 


sure, because operator is 
chronize 
system output before shifting the 
of control, Shift is made by turning 
one knob, without loss of control or 








ol 


setting of other factors in the pro 


New unit is available as integral p 
maker's automatic controllers (as 
trated), or as a separate sub-pan 
use with instruments ilready installe 
Vason-Neilan Requlator Co ‘ 
St.. Boston, Mass. 


Thermal Anemometer 


Employing method developed by 


1) 


I 


Yaglou, new “Thermo-Anemometer” 


usable over full range of air veloc 
employed in  industry——from ibout 


to 6000 f.p.m 


; 
"ithe 


e} 


regardless of directior 





\ccuracy 1s 
velocities provided only that user 


tage PIVINg large 


ture difference between heated and _ re 


lar thermometer bulbs 
pendent of external source of energy 
normal use but provision has been n 
for connection to such wl 


use is desired. Dimension 4 ) 
weight 6 Ihs Wy 





ithin 2% at 


25-35°) temper 


Device is inde 


maa 


here continuot 


13 
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Ultra Thermostat 


TER HOPPLER) 
nstant 0.02° C. 
250°C 


ACTOMETRY 
OSIMETRY 
LOGY 


pletely automatic, 
ntained. Delivers to 
strument for con- 

service 5 liters of 
ant temperature liq- 
r minute. 


Bulletin HT-254 on request. 


JENA KPG 
ALL GLASS STIRRER 


(For Vacuum or Pressure) 


places clumsy mercury seal. No supple- 
tary seal or stuffing box needed. Pres- 
differences as great as 100 mm. of 
ury between inside and outside of flask 
> no leakage. Also keeps out impurities. 
pparatus, as supplied, consists of bear- 
and shaft precisely fitted to each other 
r surface of the bearing tube is accurate 
hin + | to 2 microns. 
Leaflet JS 262 
thle at leading laboratory 
FISH-SCHURMAN CORPORATION 
East 43rd Street New York City 


U. 8. Agents 
i Glass Works, Schott & Gen 


on request 


SuPPly dealers 








strument 


1 

laboratory If 

ning 4 rheostat decades of 9 coi 
| 9999 


. high-grade 


Is eact 


resistance ohms, and a ratio 
affording ratios, OO1 t 1000 


stat coils are guaranteed accurate t 
in 1/10%, rat coils to withi 
0% 

Described Bulletin 100 which als 
ibes Rubicon resistance standards, 


’ 
Wheatstone and Kelvin Bridges 


RUBICON COMPANY 


[7 1] Instrument Maker 


29 North Sixth St. Philadelphia, Pa. 














Fuel-Air Ratio Indicator 


An 
tic il 
direct 


sists « 


one tor g 


CTOSS 


! 
( 
I 


I 


ll 


minced as an “unusual and prac 
levelopment in instrumentation” 
eading Askantia Ratio Meter cor 
two flow meters, one for air 

is, With pointers so arranged t 
1 the chart area that their inter 


1g ASKANIA 
ore < 
Se 





section indicates the relation betwee 
flows Coincidence on the vert 
ero line shows that a neut flarine 
bein I intained If pointers Cross 
re he ri ht, NnCersectlol r¢ 
cent of excess air. Conversely, if i 
cross in left area, it sh ir deticr 
Ne I 1 meter vr 14 r 
types rf eating it het] 
equipped vith wtomath Tule 
1 ( r I \ ( ead 
inte rinciple may be daptec 
her conditions to sl he re thiol 
between two variables.—4s / 
} ( ‘ V { ( 
j 
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Milliampere-second 


\ se 


TANI 


ess oO 


the high-tension 


! 


f 


Meters 


meters, 


r 
pplic itions, In SIX ranges 
i 10 to 150 m-a-s, All m 


from 


ries of thirty single-, double 

ue milliampere second mete 
it out for X-ray work, ete., inclu 
ound CASE ind 5 j 7) re 





register quantity bv integration, reg 
rate The d-« tvpe, when used 
rectified part of ar 


ray circuit, 


Trom 


In the 


ground; the a- 
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“Autor tic Vacuum Controlled Chile 
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Remote-reading System 


BECKMAN ANNOUNCES A 


Completely Automatic 
pH INSTRUMENT! 


%& This new Beckman development, operat- 
ing on 110 V. AC power, continuously and 
automatically indicates pH on a direct- 
reading dial. Will operate ANY standard 
Recording Potentiometer or Controller with- 
out special accessories or calibration. Sealed 
and Shielded Glass Electrodes can be in- 
stalled directly in vats and tanks. No stray 
current effects...no sampling device required. 
High Beckman accuracy assured by Auto- 
matic Temperature Compensation. 


Write for full details! 


NETONGOPECRNICEL 
avctatctécs 


2930 EAST COLORADO STREET 
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Holds + 
TIMER... 


holds the reins of 


ECONOMY and EFFICIENCY 


in every Industrial 


and Scientific activity. 


GALLET TIMERS 


(as well as GALCO, SECURITY 
and GUINAND TIMERS) 


set the world’s standard 
for lasting dependability 


~~ ‘ 


Complete Catalog 6F FREE 


JULES RACINE & COMPANY 


20 WEST 47™ STREET, NEW YORK 
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rface Temperatures 
, The “Alnor” 
Combination Pyrocon 


Ideal for rolls, molds, 
plates, platens and 
plastic material temper- 
atures. 

Write for bulletin. 


Illinois Testing Laboratories, Inc. 
142 W. Austin Ave Chicago. tlilinols 








The AU Purpose 
im VELOCITY METER 


Alnor” 
V elometer 





Instantaneous 
Direct 
Reading 
No Timing 
No Calculation: 
Write 

he for Literature 


ILLINUIS TESTING LABORATORIES, Inc 
42 W. Austin Ave Chicago, Illinois 











| NEW ““ALNOR” PORTABLE 
PYROMETER 


Shock Resisting, Float- 
ing Movement, Has 
5" Mirrored Scale 
Metal Case. 


Write for Details 


ILLINOIS TESTING 
LABORATORIES, Inc 
142 W. Austin Ave 
Chicago, Illinois 











ELECTROGELL 


Self-Generating 
Photo-Electric Elements 
Ultra Sensitive 

Permanently Stable 
i Unlimited Lite 
Great variety of sizes and shapes 
Round cells from 3 to 25” Dia. 





Mounted or unmounted 


NEW: Se 


Foot Candle Meters of unequalled 
sensitivity up to 1/1000 ft.-cdi. 


PHOTRIX 
UNIVERSAL PHOTOMETER 


Single and multiple cell models 






PRICES From 
$37.50 Up 





DR. F. LOEWENBERG 


10 East 40th St. New York, N. Y. 


Indicating Contr ollers 


“Direct-Set™ line of indicatir 
lers for temperature, pressure 
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ipphieations calling for pressure 
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type measuring 
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\part from absence of a recording 
InISth, Ne controllers ire vene! 

ilar to  recorder-controllers OU 
last month (/ustruments, Oct. 19388, ] 
POS Among features are safety 
tor over-rang¢ protection, interch 
ible tube-svstems, ind | Wnpor 
parts of stainless steel. Controllers 
ivailable for “on-off” and for throt 
modes of control the latter beng 
vided with sensitivity djustme 


Level Controller 


Said to be versatile in its applic 


new “Faratron” level signal or auton 


level controller has no movir 


vithin the tank or bin, its primary 
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Vacuum... 
Thermocouples 


‘2 





Ranges from | milliampere to 10 
amperes, in either contact or sep 
arate heater types. Prices from 
$3.00, quantity discounts. 


Write for Bulletin 1 


AMERICAN 


Electrical Sales Co. Inc. 
67 E, 8th St. New York. N. Y. 
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9H Slide Comparator 
I I 
\ eco rator outfit for colori 





HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 30 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


Illustrated 
bulletins 
free. 





The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N.Y 
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KNOPP 


Multirange A. C. Ammeter 





Entirely Self Contained —Meets 
Maximum Test Requirements 


7 Ranges 2 to 200 Amperes 
Weighs 5!/p Pounds 5'/,” Scale 
ccuracy Within 0.7°, 





Western Electro-Mechanical Co. 
INCORPORATED 


OAKLAND, CALIFORNIA 














Individually Illu: 


nated Instrumen 


Developed for aircraft instr 




























uitable for plant USES, *Pione 
Light System” provides even] 


sed illumination of pointer 


Pell 
A- Bezel F - Gasket tr 
B- Back-ring G- Glass cz ‘:) 
C-Retainer H-LAMP 
D- Tube-and |-Shipping Disk 
ring assembly K-LIGHT RING- 
E - Gasket L -Window-ring | | 





1 ) i¢ Cl 
( gh a window ri 
ed ic. Thus lamp i 
l essure-tigh sé 
aiiy ¢i inged In flight vithout 


calibration of instrument. Lig! 


vindo ring ire of Bake Te 
rene. Apart from illumination 
construction obviates 
St Ing compounds nd hand-titted 
a overg SS IS held in 
Thie ns of separable bezel ring ret 
eight screws accessible from f 
I ume ressure seal 1s 1 1 
Dy g et 1 er ¢ erglass P 
i} ( / Le 
/ Vv.) 


Radio Service Panel 


Forty-four inches wide and impressi 
lv illuminated by concealed Laimiline 


“Show Lab” has been developed t 


idio qaearers ind servicemen sel] 


















Cycle Counter or 
Chronoscope 


or timing the operations of elder 
relays, contactors, X-ray apparatus, ete 


new “RavyTimeR”™ registers or scale 







the time during which an a-e. circuit i 









The AC-ME 


Gas Gravity Balance 





“Sale s Mean Jobs” 


WHEELCO 
Portable Potentiometer 


ity with removable cover 







A portable instrument for 
determining the specific 
gravity of any gas. 
































Results obtained are de 
pendable and accurate as 


7 ad e lly designed for field and < ‘ ‘ 

wa Seed” tea ee ee ee ee ee the instrument is designed 
a | e Hand drawn m volt scales. o2 Seale may be calibrated in eveles or se on fundamental laws of Phy 
| my — s ss Fahrenheit onds. Accuraeyv is = 5%. Only 1 sics. 


vart is the pointer; only maintenance j 


z | @ Accuracy ind sensitivity 3 far re pl cement of vacuum tube which 1 Spring Suspension is used 
j st : - = , te D itu Ni standard radio type Illustration sho for the Balance Beam which 
| iter yyvromete aes een wherein two “Ray 
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eet ee Cem Meter Book Cover The Refinery Supply Co 


Wheelco Instruments Co. lin. cella tee Caatiend and Gout 























631 E. 4TH ST TULSA, OKLA 
1933 So. Halsted St. Chicago, Ul. America having found that ordinary 
meter-re iding record book cover mate 
rials did not withstand combination 
climate and handling, there has been de 
veloped cover to stand up under ex 
treme conditions. Metal covers being 
There's no FUMBLING SRR ame 4" VN ed «0 Y 3 
Sleners tl ned to Bakelite laminated 


ee material Nev cover is said to be adopted ~ = 
=a AROUND hy utilities all over the world. The Ped Resistors, Switches 
York City and Instruments 


to pind the 


Seven-inch Instruments 





Seale length exceeding 6” is one feature 
STANDARD ELECTRIC ee ee 
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STOP CLOCK | peer 


Because this modern stop clock 
s too big to be carried in one’s 
pocket, it cannot easily become 
mislaid or lost—you know where 
it is when you want it. 


Because of its rugged con 


struction, it stays out of the re 


Because of its large face, it is 
easy to read. Will measure 
elapsed time down to 1/200th of 





1 second. Has handy remote cor ) i i la 
7 y 5 ( “ ¢ 4 
rol swit table re i i I 
Every laboratory should he . , aa 4) s : , madustria and <¢ eve i 
: ; : 2 ck glass d tl p 
equipped wit! this precision 1n , ty iy color for illumination. I 
strument. 50 days tree trial. said to be exclusive teature ere i B 
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Colorimeter 





— venberg Model B ¢ jorimeter” 1 
idl Y univer laborator instru 
‘ comparator two eld compara 
field mucroscope, tri-chromats 
‘ f hid iquids, textile 
i 
re 
re MIC TOSCOPL examination tT twe 
ccl cl nad thre Comiparti on betwee! 
hem: reflection characteristics, giving 
j ntitative figures in parts for primary 
ind by simple unalysis secondar 
excess primary colors, luminosity, 
| bed light, hue value, tone value, and 


vurity of color in percent, also the domi 


e-length in mg reflected by the 
Pecien ; ‘ tluation oft fading ind 
weathering of test samples, etc Mach 
instrument is “calibrated photometrical 


ly through the entire system, scale values 


versu photometri values.” Objective 
opening ire opposite each other ina 


rranved to. eliminate spectral radia 








tion from entering Samples ire p ced 
it right ingle to objective openings 
permitting only diffused) ray to enter, 
minating integrating spheres \val 
ible ecessories: | pair of matched 3 
objectives, LT pair of niuitched LO ol 
yectives, Lo pair of n tcehed wlass ce 
for hquids, powders, ete., L set of three 
| filler-equipped = eve plece for tri-chro 
rriatic inalysi Case is) included witl 
Cquipn t / ( Resea / / 
tory, Niles Center, I 
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Universal Indicator 
Universal Indicator No. 199 has rotat 
ing head, positive lock, ind two reading 
Pace me on its front or flat side, the 
other the end on top, making possible 
| 
| 
| 
i 
| 
| ~“S 
reading ithout a mirror in pe boring, 
milling machine and drill press work. In 
| 


dicator is rotatable on its own center 
ind also on the clamping bolt. Friction 
illy held contact point can be set at any 


le. A standard bar 


tor gener il use ind a special ittachment 


position in a half cire 


for use in drill chuck or surface cra 
ind with vernier height gage are furnish 
ed with each indicator The Lufkin Rule 


( Saginaw Vich 
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TETCO 


Speed Recorder 





Creates a permanent time rec- 
ord on a waxed chart. Accu- 
rately records rate of produc- 
tion, time and duration of 
stops, total quantity produced. 
The Electric Tachometer Corp. 


1358 Spring Garden St., Philadelphia, Pa 








% NATIONAL * 


RHEKOSTATS 


Ask for Catalog No. 5 
National Electric Controller Co 
5317 Ravenswood Ave., Chicago, Ill 











A & A COILS 


Magnet Established 1924 Solenoid 
Electrical Coil Winding Co 


2736 Saunders St., Camden, N. J 
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Pinhole Detecto 


Pinholes in steel strip travel 





I.p.m. are detected bv a new ph 
inspector which also throws 


sections. After passing through 





head, strip continues through 
rolls and shear before arriving 
diverter. Speed of process being 
i self-adjusting timing device is 1 





issure diversion of faulty sheet 
ire not) dropped out until they 
progressed through leveling and she 
operations (fenera Klectric ¢ 


ectady, No ¥ 


Universal Internal 
Measuring Machine 


Without resorting to attachment 
idapters, new “Model N-2” univer 
ternal measuring machine provide 
infinite range within capacity of 
machine Standard model measures 


to 6 iwainst 









ter or precision blo 

ting. Other models « 

secured for other ! 

Combination of t ’ 
vers, each CA €¢ Ft Ea 
Measuring pon > ind | 
idjacent to a vertic 
traveling work rest } 
permit full exploration 
measure dimensions ot 


hole at any point within 1!” dept! 
range of gage. Diameter and taper 

thus determinable In new design, s§ 
called fixed gaging point floats on ver 
tical reeds with a fixed relation to ree 


pivot which transfers motion of adjust 


to visual gage, so tl 


le iging point 
iy a variation in distance between the 
two gaging elements will vary gage rea 
ing. In addition there always is gagit 
pressure only, on both sides of hole, re 
vardless of oper itor’s touch on part beit 
measured Sheffield Gage ¢ orp Daut 
Ohi 
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® @ Mercury Arc 


Rectifier Practice 


By F. C. Orchard, A.M.I.E.E. 


5 1, 834 
$5.00 postage 


inches, 235 pages, 106 


figures, prepaid. 


Written by one who has intimate 


Instruments Publishing Co. 
1117 Wolfendale St., Pittsburgh, Pa. 














OPTICAL UNITS 


for instruments 


Master Optical Company 
IVISION OF POTTER SCHNAKENBI 


Precision Lenses and Prisms 
19 W. 36th St. New York, N. Y. 














Absorption Cells: 


For quant itat ive photometric (color 
imetric) analvses and absorption spe 
trophotometry, absorption cells are 


iwailable with optical flats fused in place 
Windows are flat ver their entire r 
to within 6 wave-lengths tter tusn 





Parallelism of liquid-glass interfaces 1 
0.025 mm. in standard cells, and + ()] 
mm. in high-precision cells. Parallelisn 
thre faces of each window 1S ~10 non 
Actual mean length between faces. of 
windows is +1, of nominal length: is 
marked on each cell to nearest O.00L mn 
Amineo cells) are available in twelve 


standard styles (“DX illustrated ma 
387 sizes, with Pyrex glass bodies and 
either Pyrex glass or Corex “D" window 

or with fused quartz bodies and windows 


{merican Instrument ¢ \ (6 ria 


Indicating-integrating 
Liquid Meter 


“Veriflow Meter” 


metric displacement 


combines volu 
liquid meter witl 
direct-mounted integrating register) and 
remote rate 
of flow indica 

















rnstan er 
indic tue rt 
rate of fle i« 
simultaneously to 
talizes the flow, is 
suited tor sce! 
taining rate of con 
sSumptior ot fuel 
i oil in burners, rate 


of feed of liquid 
ingredients to mix 
ny devices, 


Ste... is well 


total quar tit 
Rate - of 
flow ( 
be cor! 


trolled re 
motels by 


dditior 


Of meant 
il OT iutomati ICCeSSOTIES iby tT 
Meter Co.'s “Niagara” meter is supplied 
for handling cold water, hot vater 
grease, tar, oils, or chemicals. Hickeo 


Electrical Instrument Co.'s indicating i 


strument measures output of specially 
designed tachometric generator mounted 
directly on the Niagara meter. All con 
ponents ire ‘products if old-est blished 


firms.” The Veriflow combination requires 
no connection to external power circuit 


J. L. Vergilio 142 Prospect St 


Cleveland, Ohio 





Rawson 
Twin Multimeter 





29 ranges in less space than any near 
equivalent combination 
size 12 x 8 x 


RANGE OF MEASUREMENTS 


\ 
ist Price $165. ad 
The Raw measuring instruments § ar the 
ly ones having two pivot movements whose 
weight is lifted from jewels whe clamped fo 
transit. Electrical clamping does not a m 


plish this purpose 


Rawson Electrical 
Instrument Company 


110 POTTER ST CAMBRIDGE, MASS 
Branch: 15 East 26th Street. New York City 


Representative: E. N. Webber 
1313 W. Randolph St Chicago, til 
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Temperature-sensitive Magnetic Allo 


and Their Uses 


By L. R. JACKSON and H. W. RUSSELL 
j Metallurgist Chief Physicist 


Battelle Memorial Institute, Columbus, Ohio 


QM meet the demand tor accurate temperature con 

trol. temperature-sensitive properties of materials 

n itilized Among hese prope rties, one 

i! » ferron rnetic materials has not vet received 

ru ittention that is the variation in magnets per 
nes with te perature 

About 1600. Gilber discovered that iron loses its 


magnetism when red hot. Later quantitative investiga 


tions have established that this loss of magnetism in iron 


occurs Over a range ol temp rature terminating af ibout 
780 ( L436 | kor thre other two ferromagnetic 
~o 


elements. nickel and cobalt, similar effects occur at 352 


( 665 | and 1120° ¢ 2O48° ] 
These critical temperatures are called the Curie points 


of the corresponding metals. The drop in perme ibility 


re spective ly. 


with increasing temperature for these metals is only 


large enough to be useful over a temperature range start 


ing about 50 ( ay | below their respective Curi 
points ; thus it is obvious that the three isolated ranges 


represented in nickel, iron, and cobalt, are insufficient 
to pe rmiut the design of devices sensitive to irbitrarily 
chosen temp rature ranges. ‘To open the field for such 
design, there should be available materials having ny 


specified Curie point 


It has been known that it is possible to modity the 
Curie point by illoving ; however, all alloys having the 
same Curie point are not equally desirable and the pur 
pose ol the investigation to be described here was to dis 
cover the most suitable alloy system. In the course of 
investigating various alloy systems a number of devices 
were built to demonstrate the properties of the alloys. 
In order to present a more concrete picture of the uses 
of temperature-sensitive magnetic alloys, a few of thes 
devices will be described briefly before the properties 


of the alloy system finally chosen are presented in detail 


Fig. 1. Contactor Utilizing 
Low Curie Point Alloys 
for Controlling the Tem 
perature of a Vertical 


Ssurtace 
I—Copper base 
Pivot suspension 


3—Fight laminations of 
low Curie point alloy 


j Top of horseshoe 


formed by eight imina 
ions of No 24 silicon 


transformer sheet 


Springs used to adjust 


contact pressure 


8—Air gap adjustment 






1" m pe rature-sensilirve (Contactors. Fig. | ill 
ftemperature-sensitive electromagnetic contactor 
illov having its Curie point at about 200” F. as 
ture. Heat is transmitted to the alloy through thre 
base shown: the rest of the illustration is self 
tory. By manipulating the restoring force on th 
tor, it could be made to ope rate al iny tempe ra 
sired between about 160 FEF. and 190” F.. in ¢} 
of the particular device illustrated. Such a conta 
useful for thermostated surface temperature 

T m perature-sensitive Reactors. A reactor mad 
1 core of a temperature-sensitive magnetic alloy 
made to vary its reactance with temperature in 


ber of ways, depending on the circuit in which it is 


Fig. 2 shows the types of response which can be ob 
and a schematic wiring diagram 
When there is no capacitor in the cireuit., th 


iclance Varies iccording QO Curve | ol io. 2. \\ 


condenser, having a capacitive reactance X¢ greati 


the inductive reactance X,, at all temperatures, is 

in the circuit, then a response such as shown in cur 
is obtained. If the value of X¢ is adjusted so that 1 
ance occurs for some value of temperature, then the 
of response shown in curve 3 is obtained. A reactor 
this kind has been used to operate small fan motors 
to ope n and close relays of various sorts. Such 1 rea 
would also be useful in time-delay devices, since th 
of temperature-sensitive alloy could be made | 
enough to require appreciable time before a desired 
sponse is obtained. 

Temperature-sensitive Transformers. A transfor 
whose secondary output depends on temperature w 
made by winding the secondary on a core of temp 
ture-sensitive magnetic alloy as illustrated schemati 
in Fig. 3. In this type of transformer the secondary 
put drops with increasing temperature. This type 
characteristic is opposite to that obtained from the r 
tor described above with no condenser in the circuit 

Since in this type of transformer the primary 
secondary are wound on separate legs leakage reactan 
are rather high. The effect of these high leakage 
ictances on operating characteristics can be minimi 
hy placing a capacitor in the secondary circuit. The « 


pacitor has the effect of supplying magnetizing currer 


to the secondary and thereby increases the output to su 


an extent that transformers of this tvpe can be used 
operate small motors and other electrical equipme 


without the use of auxiliary relays. 


a 
x r=) M R 
5 : 
rs 
~ ~ 
2 
2 
Fig. 2. Response of Tem 
~ perature-sensitive Reactor 
\ 
\ under various Circuit 
——>+— Conditions 
\ * Fig. 3. Schematic Diagr 
- 
of Temperature-senti 
‘x Transformer 
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\ E 
am \ ~ 


























) Fig. 4 
z Fe-Ni-Cr-Si 
a ’ 
° n \ 
Sr aS =F 
L Ne ba 
—4 6 iw 
¢ a r 4 Ww 
oer & 
a B ~ 
+ 2S | ra 
- * _), 4 
— \ \ 4: 
y \ \ 
A+ + es yo ee: 
hae \ H 
i “St 2° + | 
y | 
\ 
au Ie 
=* Ee | 
; F 80 
A «e 
DEVELOPMENT OF TEMPERATURE-SENSITIVI 
MAGNETIC ALLOYS 
Factors considered in choosing the most suitable alloy 
em containing alloys having their Curie points. at 


following: 


ous temperatures were the 
Lhe alloy should not be unduly sensitive to ght vari 
in composition. The inevitable difference in two separate 
of the same nominal composition should not resi l 
ve difference in the Curie points 
The Curie point should be independent of heat-treatmi 
should be the same for rising and falling temperatures 
; The allovs should be capable ot being formed into sheets 


the shapes by rolling or forging 
! Ihe perme ibility the Cu 


ild be high a 


it temperatures helo 


Ss possible. 


. - 1] 
investigations on various alloy 


x Ni-Cr-Si svstem most 


svstems 


Preliminary 
ndicated that the quaternary 


ompletely satisfied the requirements. Factors entering 


Simm 


into the choice of this system rather than a mor 


ple hye 


SUINIMATIZ¢ d 


binary or ternary system = can is 
follows: 

l In the binary Fe-Ni alloys Curie points below 200° ¢ 
re difficult to reproduce because the Curie point is extremely 
ensitive to slight variations in Composition 
2. The ternary Fe-Ni-Cr?! alloys are more reliable for the 
eproduction of ‘Curie points because they are not so sensi 


tive to slight changes in composition ; but saturation values of 


iwnetization at temperatures below the Curie point are not 
igh enough. 

3. The addition of silicon to the ternary Fe-Ni-Cr = system 
has two desirable results. The silicon acts as an efticient de 
oxidizer and thus aids in rendering the alloys more forgeable 
Like chromium, silicon has the effect of depressing the Curt 
point but it is much more effective than chromium in this 
respect. The Curie point of a given Fe Ni alloy is lowered 
by 1% Si as much as by 4% Cr. Alloys with a given Curie 
point and containing silicon have somewhat higher saturation 


ilues at temperatures below the Curie point than do the Fe 
Ni-Cr alloys. There is, therefore, a real advantage in 
Ke Ni CT Si S\ stem 


the u 


st 
f the quaternary 

There are definite limitations to the amount of silicon 
| ¢ 
feet on workability and, particularly in alloys containing 
LOC Ni, more 
phase with a high Curie point. 

In Fig. 4 the 
Fe-Ni-Cr-Si allovs. In view of the known effect of sili 


which can be used. More than Si has a harmful ef 


ess than than 20¢ Si introduces another 


and 5 are plotted results of tests on 


+ 


con in lowering the Curie point of the alloys it 


was cde 


Fig 


Alloys 


40 





Curie Point of 
Alloys. 


< 
> * 
. 
\ q 
* 
Magnetization 
of Fe-Ni-Cr-Si ‘ 
ae 25°. ¢ \ 
oersteds 
| 
t 
cided to reduce he number of allovs necessary 
tigate the svstem an keeping the silicon consta 
constant silicon content was made 0.307 whi 
the 1— value noted above Che fact that the S 
is constant enables the plot ng of results to b 
simplified by lumping the Fe and Si toget! 
reading Fig. 4, for example, the Ni and ©) ni 
i @iven illoy can be gotten from the curves w 
sum of these values subtracted fro LOO’, 
ind Si content 
Lhe illovs were made trom com i11\ 
raw material: Armeo iron ctrolvti ck 
bon terrochrome and ferrosilicon 
Melts were made in an induction furna ind 
iron molds in the form of ” bars 8” long 
Curie points, whi were defined as the t 
it which the tangent line of maximum slop t 
iration induction vs. temp rature curve s the 
iture axis, were determined by 1 ballistic meth 
east bars which were annealed at 1800 F. In o 
secure a better length-to-diameter ratio and avoid 
demagnetizing factor, these cast bars were 
rolled to Sg diameter and, after an 1800 | 
room-temperature magnetization rves wel 
tained by a ballistic method 
Fig. 4 shows Curie points of the various alloys 
pendent on composition, The curve for 06 ©y 
with the well-known data tor iron-nickel alloy 
for a lowering in Curie point due to silicon 
The ferric induction (b-H1) of the alloys at 
el for a magnetizing field // 30° oers 
shown in Fig. 5. This field is sufhcient to giv 
netization well above the knee of the magnet 
curve for all of the alloys. The curve for 0°¢ ¢ 
illowance for the ettect of silicon, is in good agi 
with values reported by Yenset on »p 
illoys 
Theory indicates that 
B—H f] 27 B—H 
t i 
B—H rE 273 B—H 
where (b—H is the s ration gnetizat 












































| | ) i ; big Magnetism- lemperature 
M Alloy 45 N 5 Cr 60 
va ‘ i thre ibsolu zero. O kK ae a Gee ind @ is 
e | On n degrees ( 
} xp nent \ his Xpression has Deen found Lo 


hold not only tor saturation values, bu aiso tor an\ 


magnetization well above the knee of the mag 


relation is shown plotted 


\ specifi example will illustrate how igs. 4, 5, and 
G6 can be used to obtain. the magnetism-temperature 
cury of any given illov. 


The alloy having the composition 350 Ni, 5% Cr, 


0.30% Si and the rest Fe. from Fig. + has its Curie 


point it 160 ( It should be noted that an alloy con 


and Cr but 


Silt 


taining the percentages of Fe, Ni, 
1 substantially higher Curie 


Or Zo ( 


without silicon would have 


and 


Fig. 5, at a 


due to a magnetizing field of H/ 


temperature 


30 oersteds the sili 


point. From 


con-containing alloy has a magnetization of 7400 gauss, 


which is) one the magnetization-temperature 


Now 


pommel on 


curve 


1 2740 25 273 
O.68S8 
} 273 160 273 
Referring to Fig. 6 for this point, 
bh—H 
O.S4 


b—H 


Knowing that B I] 7400, then 


BH 7400 O84 SSO0O 
Lh value I H SSOO is then used to obtain 
subsequent points on the curve in the following manner 
1 273 273 0 
\ 0 ¢ O.747 
27 160 273 
L 273 
From | x, ©, at 0.747 iS tound that 
/ 273 
b H 
0.775 


Thus, (B—H 0.775( B—H 6810. 
Qt] values are obtained in the same nanner 
] gv S mws ti nagn ZAngtion tempt ra re 4 rve | 
tained by his method Chis curve agrees well wit] 
xperimental data EZCODE Al tempe ratures close to the 


experimental curve 1s shown dotted to 





THEORETICAL 
EXPERIMENTAL 


g. 8. Room Temperature Magnetization Curves of 7 


Fi 
Fe-Ni-Cr-Si Alloys 


Since values of magnetization below the kne« 


magnetizing curve for any alloy will depend not 
on temperature but also on the heat-treatment of 


} 


factors such as internal sti 
method of 


magnetization curve for all alloys 


alloys and on other 


there is no coneist presenting inforn 


about the entire 


8 is shown, however, to give the order of magnitud 


what can be expected from typical alloys tested at 
C. (77 F) in the form of 
1800.) OF. 


oe hot-rolled rods which 


been annealed at 
Utilities 
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Professor of Phy SICS, 


YOUNG'S MODULUS OF ELASTICITY OR THI 


MODULUS OF STRETCH 


weasuring the modulus of volume elasticity, /, it 
an easy matter to measure the change in volume, 
i result another modulus of elasticity is used, called 
o's modulus or the modulus of stretch. When a wire 


retched, for instance, there is an increase in the 


and a diminution in the cross-section which re 

in a change in volume. ‘The form also changes, mak 

Young’s modulus a hybrid modulus. It is Young's 
fulus which must be determined and studied in the 
of the wires which go into the cables carrying our 

it suspension bridges. It must not only be studied 


in the elastic limit range but also bevond this range 


— 
l 


he value of its tensile strength and to the stress at 


> 


‘ h the wire actually pulls asunder. See Fig. 27, April 

article, for curves of this sort. 

\pplying Hooke’s law to the elasticity of stretch, 
Stretching stress Force, Area 
Stretching strain 

F/a | op 
€ i ea 


Elongation Length 


/ is Young's modulus, F' is the fore applied to the 


tretching or compressing of the test piece, LL is the 

















Fig. 166. A framework on which to suspend two strands of 
wire side by side. One wire is held taut by a constant mass m, 
while the other has its length varied by the stretching load, Vi 
n measuring Young’s Modulus. 

lig. 167. A close-up of mirror, M, scalepan, P, and dashpots, 
D; Dy» used in measuring the elongation of a wire when weights 
re added to the scalepan. The wires extend upwards to a length 
of about 10 feet and are held by a common chuck in the steel 
supporting frame. 











roperties as a measure of Hardness 


By S. R. WILLIAMS wd fron 


Amherst College 


length of the Spec en is the clongation o1 the shorten 
ing for th force | ind a is the cross-section of the 
material, Numer ally. } equal to the force necessary 
to elongate a unit length by the same amount It is as 


sumed, of course, that the cross-section would not vary 
in the process 

Che last form of the equation tor Young's modulus can 
now be put to the experimental test by means of the 
apparatus shown in Figs. 166, 167 and 168. This device 
for measuring Young’s modulus consists of two 22-inch 
gas pipes about 12 feet long, bolted to two pieces of 
angle ron, ome it thre top ind the other near the bot 
tom. Fig. 166. The angle irons in turn are fastened to 


th brick wall by means of lag bolts At the center of 


a— 


Fig. 168. Arrangement of parts of the apparatus (Fig. 166) for 
measuring Young’s modulus of stretch. 


] ] 
the top angle iron a good clamp is screwed firmly int 


pesition and from this clamp two wires of the same mate 
rial to be tested are dropped downward and connected 
One to a fixed WAaSS. MN, lig 167. ind he other to 


scale pan, P, tor ditferent masse 


Merely as guides and stavs, two ‘T-shaped arms, S 


ite bearings, keep tl two wire 


ind S.. su ported ona 


it a fixed distance ipart ind without the power to twist 


round in the clamps which hold the wires to the ‘T 
shaped guides Small benches are attached to wire 

directly thove thr clamps, ind across from one benel 
to the other is set a tiny striding milrror on three pont 


Of support, As more and more load is place | ae et 


lig 167. the wire ittached to P clongate Ss and ps th 
mirror .W. In Fig. 168 is shown the optical arrangement 
whereby the change in length with varving load may b 
de Le rmined [hie le noth Lis measured between the lit 
tle benches on which the mirror sits and th ower end 
f the chuek which holds I} Ippe nad I he 
Wires Phe diame Y 2 Ii nea d | il 
micrometer ¢ ilipr r Chis gives us all of th lata 

sary to determine } tor the mate il sed { noe tw 
wires close to each other eliminates errors d hange 
In temperature Furthermore, if. the upper support sag 


both wires move down together ind no differential effect 


1s obse rve d 


INSTRUMENTS 


November 1938 Page 283 











Fig. 169. A lever device used in measuring the hardness of 


springs by the amount of their bending. 


These different mod 1 oft elasticits ire introduced il 


this point because thr picture we obtain of what is going 
m when the distance between the itoms. molecules or 
particles composing a body varies, will be the picture 
if what occurs when a ball indenter penetrates the sun 
face of a specimen to be tested for hardness. If a small 
vad is put on the indenter, no permanent indentation o¢ 


curs. The elastic properties of the material bring about 
i complet return of the surface to its original form 


If a large load is ipplied permanent deformation ts pro 


luced thre elastic linnut has been exceded ind Wwe nave i 


permanent imprint whose diameter is to be measured for 

he Brinell number. Both forms of elasticity have been 
mee 

nvoked in producing the imprint of the steel ball inden 


ter. In the study of elasticity and of hardness we are 


ntermolecular forces 


dealing with the interatomic and 
ind the greater these forces are the reater, in general, 
will be the hardness of the material same token, 
he greater these interatomic and intermolecular forces 
ire, the greater, in general, will be all of the moduli of 
basticity 

Other factors, however, will enter to make an appar 
nt contradiction to this generalization. Unless in some 
way we can interpret into our hardness numbers more 
rf the physics of elasticity we shall not progress in hard 
ness measurements as a real art 

It would seem that a line of actual advance could be 
nade in the art of hardness testing if we turned mor 
to instruments fundamentally employing clastic proper 
tieS aS a means tor me asuring hardness, or better, the 
suitability of a material for a given purpose. Many ol 
the laboratory manuals for the physics laboratory con 
tain directions for using the bending of bars (rectangu 
lar cross-section) in the determination of Young’s modu 
lus Some years ago the author was asked to advise 
regarding a method for measuring the hardness (suit 
ibility) of some small springs for a specific purpost 
They were strips of flat steel bent into a U-form. Th 
ordinary penetration method for measuring hardness ap 
peared unsuitable because in the heat treatment of the 
springs they had been given an unusual process which 
left them extremely inhomogeneous, so far as hardness 
was concerned. If hardness was to be used as a measure 
of suitability it became evident that the method must be 
one which integrated the hardness, 7.e., measured the 
iverage value for the entire spring. Fig. 169 shows the 
final machine adopted for making these measurements 
I’ is the spring, in position to be tested: so arranged that 
its prongs can he COTNpPTressé d tow ard ach othe r by means 
of the lever LL. Notches in the ends of the spring insured 


the Same position for ich spring is It was placed In 


\I | ' ] f ' & g- ( 



















































position. The procedure for a constant-load test 
follows: The 


weight on the scale pan. The reading on the in 





spring was placed in position 


dial D was set to zero. On placing a kilogram n 
the pan P, the spring 7’ was compressed, and its 
tion measured by the reading of the indicator dia 
harder the spring, the less the compression. By rx 
the scale backward i numbe r Was obtaine d corre sp 
to the hardness of the spring 

| or purpose S OT Sé par iting poor springs from a 
which was supposed to be composed of identical sp 
this instrument gave results which checked satisfact 
with those obtained by averaging a great many Roc! 
readings taken all over the surface of. the springs 

For relative measurements such an-— instrument 
serve a useful purpose in determining suitability 
chief role is to illustrate how much of what pass 
hardness measurements is chiefly a hodge podge of 
ous physical phenomena. Many a manufacturing fin 
day is using some device which they call a hardness 
er for determining the relative values of a certain si 
inknown physical properties. It serves their pury 
admirably for determining the suitability of their 
rial for certain purposes, but it is not advancing the 


of hardness te sting in the real sense of the word 


REBOUND METILODS 


In the study of the elastic moduli there are stati 


there are dynamic methods used in measuring the 
etheients of elasticity In the dynamic methods, the m 
urements are made while the atoms and molecules 
going through their displacements. In the static meth 
the measurements are made after the displacements h 


occurred. It is in this sense of. the words, static 





Fig. 170. In the compressed portion of the golf ball the mol: 
cules are forced closer together. The elastic properties of th 
ball cause these to regain their former distances apart, which 
drives the ball away from the golf club head. 

Fig. 171. This series of photographs show, (a) the head of th 
golf club contacting and compressing the golf ball. Although 
the head of the golf club follows through, the forces of restitu 
tion in the flattened golf ball react so quickly that they drive 
the ball by a rebound from the rapidly following club as shown 
in 4 and c. 
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lic, that one should think of static and dynami 
ess testing methods. While the testers shown in 
106 and 107 (April 1938) were called dynamic 
s, they could be called so only from the point of 
that the impulse given to the indenter was of a 
duration. The diameters of the imprints were meas 
from permanent deformations after the displace- 
s had occurred. 

in illustration of a dynamic method for measuring 
odulus of rigidity may be cited the torsion pendu- 
xperiment’. A heavy circular disk of known mo 
of inertia, 7, is suspended at the lower end of a 
metal rod and with their axes coincident. ‘Th 
rend of the rod is clamped in a rigid support. When 
id is twisted through a few degrees and then re 
d, the disk will go through a series of oscillations in 
l the period 

j by Ray (L/P 


rein 7’, is the moment of torsion of the rod and J] is 
moment of inertia of the disk. Since n, the coefficient 


rigidity. is a function of 7',, we have 
8rL1 
Tie" 
re L is the length of the rod and R is its radius. 


lo adopt a real dynamic method for hardness testing 
ins a break with the best definition we have thus far 
en able to produce, viz., the resistance to a permanent 
leformation, unless one can find some definite relation 
tween the behavior of a substance below the elastic 
mit and the behavior after passing the elastic limit 
\pparently it is on this assumption that the originators 
f the various rebound methods have worked. The re 
ound method rests upon the elastic forces of restitution 
illed into existence when an external force is applied ti 
body to change the distances between the constituent 
particles composing the body. Thus in Fig. 170 the head 
of a golf club is in contact with the golf ball as the 
laye r starts the ball in flight. It will be noted that th 
ball is flattened in an astonishing fashion on the side in 
ontact with the head of the club. This means a decreas 
n the distances between the molecules of the ball, whos¢ 


covery of its original form and volume will be manifest 
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Fig. 172. As the ivory ball 
to the right strikes the 
first one, m,, in the series, 
a wave of compression 
runs through the series 
and the final ball, mo, is 
thrown off as was the golf 
ball from the club. 








Fig. 173. When the spiral spring is stretched or compressed be 


tween the two carts, 


toward or away 


be acce lerated 


The spring when compressed 


he 1 f the golf ball 
acts in the same way as the compressed portion of the go au 


between the club’s head and the 


in its elastic 
in th 

of the golf 
the ball will 


Fie. 171. The recoverv of form and volume 


property whicl 


If the golt 


held in a fi 


golf ball | 
sion ind el 


lig. 


- 


so Import int 


ness Let tl 


he ld oft to one 
quiet, burn the t 
the series of equal sized balls 
except the last one to the lett, m 


the same dist 


originally. 


it struck the 
The ball at t 


it was thrown 


one to the 


each case is such that 


or. 


his relation is known 


momentum 


Fig. 173 


between them 
the case na 
head and the 
compressed, the recoil of 
ipart just as 
by the recovery 
shown in Fi 

The fore 


rorce ilimng 


ch Inge Mm momen 


thev are in 


LO WMeCAaAsure 


directed to 


body ( Xp riences 


Is Cal 
i} 


sented by Ihe 
This prin ipl 


two carts in 


Just the 


ties, VU and i 


] 
impact the corresponding 





t COMMp re Sst d portion Will kk i¢ kk beac k iv? 


remain at re 
which flies off to ibou 
to thr righ 


velocity ri Wile 


approxim ite ly 


was held originally 


will drive 


ae d thre 


large degree 


which the 


same compres 
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172 will illustrate this rebound prim ipl which i 


ring hard 


fioure . be 


When eve rvthing Is 
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force ind the time of Impact between both bodies 


the same, 


Ie It ) m 7 mv 


equation we see that the law of conservation of 
is again maintained, but this time the prin 
ipplicd when both bodies are in motion. ‘This 


specitl for the train of balls in 


mn DHecomes 


, 


ind 7 ire equal to zero. This last 


Nn 7 m 7 
wccord with the equation derived for tl 
beginning of this discussion 
ist ol in elastic Mpact it iS convenient to 


ind I... of which 


173 the impulse while the 


the impulse into two parts, R 

represe nts om lig. 

spring is being compressed ind the second during its 
CCcOovVe ry 

Newton proved experimentally that R, BR, is always 

i constant for any two bodies so long as the impact is 

not violent enough to produce permanent deformation 

Thi 
Rk. 2k 


is called the coethcient of restitution. It can also be shown 
that this coethcient of restitution is equal to the ratio of 


the velocity of recession of the two bodies, to their ve 


locity of approach when impacting. At the instant of 


greatest deformation the velocity of the two colliding 
bodies will be the same. Call this velocity /’. The im 
pulses before and after this instant of greatest deforma 


tion will then be, 


Dividing the last equation by thie preceding one BIVESs 
] v’ v" J 
R. 2 


whence 


On adding these two equations, 


, 


i 


Q.E.D 


; 
v is the velocity of recession and 7 v is the 


velocity of approach of the two bodies when impacting 
on each other. When a body impacts against a tixed 
plane, v7 0 and ‘x 0 which makes 


, 


< 


ind again the coethcient of restitution is the ratio of the 
velocity of recession to the velocity of approach of the 
two bodies. 

If perfect elasticity were present in the colliding 
bodies, R_/R e, would have a value of 1. ¢ is always 
less than unity. This is due to internal friction of the 
material, even for bodies that under static tests show 
complete restitution. For the condition of inelastic im 


pact, R O and R_/R 0. When this occurs there 


is no elastic recovery, no elastic rebound. 
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There are various ways for determining these 
ties of recession and of approach and, therefor 
value of the coethcients of restitution. 

Now comes the all-important question: What h 
coeticient of restitution got to do with hardness 
has a high value for a certain specimen, can o1 
that that particular body is harder than another 
smaller value of e? The various makers of rebouw 
struments have answered yes. One other question 
up: if the two impacting bodies are of different 
rials, which coeflicient of restitution is measured, tl 
the impacting body or that of the impacted speci 
Instruments have been devised which claim that ¢ 


termined for impacting body, while others us 
bound instrument for measuring the value of e it 
impacted body. ‘This last point is met, in a measur 
saving that if e of the impacting body is to be meas 
the body impacted must be extraordinarily hard. 
reverse condition must hold if the value of e for the 
pacte d body is to be measured. 

If it is true, as announced, that steels can now 
made with a hardness approaching that of the diam 
it would appear that the rebound methods might be 
still more popular and accurate than at present. So 
have a wide use at present. 

Exact knowledge of the mechanical properties 
materials lies at the foundation of all enduring const: 
tion work. Conscientious testing of materials before t] 
are used in construction work has become perempto 
in stable industry. As has been mentioned before, har 
ness tests are the most widely used of all tests for d 
termining the suitability of materials for construct 
purposes. It must be obvious that every available method 
for hardness measurements should be considered 
scrutinized. 


T'o he continu 
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